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IEEE Standards documents are developed within the Technical Com-
mittees of the IEEE Societies and the Standards Coordinating Committees .
of the IEEE Standards Board. Members of the committees serve volun-
tarily and without compensation. They are not necessarily members of the
Institute. The standards developed within IEEE represent a consensus of
the broad expertise on the subject within the Institute as well as those
activities outside of IEEE which have expressed an interest in participating
in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE
Standard does not imply that there are no other ways to produce, test,
measure, purchase, market, or provide other goods and services related to
the scope of the IEEE Standard. Furthermore, the viewpoint expressed at
the time a standard is approved and issued is subject to change brought
about through developments in the state of the art and comments received
from users of the standard. Every IEEE Standard is subjected to review at
least once every five years for revision or reaffirmation. When a document
is more than five years old, and has not been reaffirmed, it is reasonable to
conclude that its contents, although still of some value, do not wholly
reflect the present state of the art. Users are cautioned to check to deter-
mine that they have the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any inter-
ested party, regardless of membership affiliation with IEEE, Suggestions
for changes in documents should be in the form of a proposed change of
text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning
of portions of standards as they relate to specific applications. When the
need for interpretations is brought to the attention of IEEE, the Institute
will initiate action to prepare appropriate responses. Since IEEE Standards .
represent a consensus of all concerned interests, it is important to ensure
that any interpretation has also received the concurrence of a balance of
interests. For this reason IEEE and the members of its technical commit-
tees are not able to provide an instant response to interpretation requests
except in those cases where the matter has previously received formal
consideration.

Comments on standards and requests for interpretations should be
addressed to:

Secretary, IEEE Standards Board
346 East 47th Street

New York, NY 10017

USA

IEEE Standards documents are adopted by the Institute of Elec-
trical and Electronics Engineers without regard to whether their
adoption may involve patents on articles, materials, or processes.
Such adoption does not assume any liability to any patent owner, nor
does it assume any obligation whatever to parties adopting the
standards documents.
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Foreword

(This Foreword is not a part of ANSI/IEEE Std 469-1988, IEEE Recommended Practice for Voice-Frequency Electrical-
Noise Tests of Distribution Transformers.)

1977 Issue

There has long been a need to provide standard methods of testing distribution transformers to
determine their voice-frequency noise contribution to paralleling communications circuits. In rec-
ognition of this fact, the Inductive Coordination and Electrical Protection Subcommittee of the Wire
Communication Committee established a working group to research this problem. The personnel of
the TIF Objectives Working Group that developed this recommended practice were as follows:

D. H. Potter, Chairman

D. M. Anselm H. C. Held T. R. Thompson
G, Bagnall F. J. Hixon M. F. Tuntland
P. E. Eichen A, Ladd W. B. Wilkens
S. W. Guzik D. W. McLellan F. P. Zupa

G. Pask

The working group also wishes to acknowledge the able technical assistance and guidance provided
by G. Y. A. Allen. Mr. Allen is Chairman of the Inductive Coordination and Electrical Protection
Subcommittee, which has reviewed and approved this guide.

1988 Issue

The 1977 standard has been revised so as to justify the use of secondary circuit excitation mea-
surements, provide the derivation of the constants used in interpreting the measurements, and to
provide the rationale for deriving limits. As part of this revision, reference tables are expressed in
the form usually used and a number of outdated forms have been dropped. The members of the TIF
Objectives Working Group involved with this revision are as follows:

A. K. Knowles, Chairman

M. J. Anna D. P. Hartman W. dJ. McCoy
G. W. Benz W. M. Haynes H. E. Nerhood
D. L. Boneau P, Jackson S. D. Overby
D. P. Callahan E. Lee M. S, Tibensky
S. W. Guzik S. K. Vasdev

On June 10, 1987, the ICEP Balloting Committee voted to submit this document to the IEEE
Standards Board. The following members were present:

D. L. Boneau W. M. Haynes, Jr R. E. Nelson
E. Duckworth H. C. Held H. E. Nerhood
d. S. Gallatin R. G. Jones S. D. Overby
L. W. Grovenstein A. K. Knowles S. S, Potocny
C. D. Hansell W. J. McCoy M. E. Sims
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When the IEEE Standards Board approved this standard on June 9, 1988, it had the following

membership: .

Donald C. Fleckenstein, Chairman Marco Migliaro,Vice Chairman
Andrew G, Salem, Secretary

Arthur A, Blaisdell John W. Horch L. Bruce McClung
Fletcher J, Buckley Jack M. Kinn Donald T. Michael*
James M. Daly Frank D. Kirschner Richard E. Mosher
Stephen R, Dillon Frank C. Kitzantides L. John Rankine
Eugene P. Fogarty Joseph L. Koepfinger* Gary S. Robinson
Jay Forster* Irving Kolodny Frank L. Rose
Thomas L. Hannan Edward Lohse Helen M. Wood
Kenneth D. Hendrix John E, May, Jr. Karl H, Zaininger
Theodore W. Hissay, Jr. Lawrence V., McCall Donald W, Zipse

*Member Emeritus
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An American National Standard

IEEE Recommended Practice for
Voice-Frequency Electrical-Noise Tests of
Distribution Transformers

1. Introduction and References

1.1 General. The practice described herein
provides instruction for the testing of distribu-
tion transformers as sources of voice-frequency
noise. These tests measure the degree to which
a transformer may contribute to electrical noise
in communication circuits that are physically
paralleling the power-supply circuits feeding the
transformer.

Transformers have a characteristic that is
common to other iron-core devices of causing
harmoniec currents at voice frequencies to flow
in supply circuits to the transformers. The mag-
nitude of these currents, and of interference that
may result, varies according to the design of the
transformer as well as the excitation voltage.
The tests described in this practice provide a
standard method for use by the transformer
manufacturer, user, and others in industry for
the purpose of better evaluating the design
choices that are available and moving toward
industry objectives with regard to levels of har-
monic exciting current expressed as I' T (cur-
rent x telephone influence factor [TIF]).

1.2 References. The following publications
shall be used in conjunction with this standard.

[1] ANSIVIEEE C57.13-1978 (R1986), IEEE
Standard Requirements for Instrument Trans-
formers.!

! ANSI/IEEE publications can be obtained from the Sales
Department, American National Standards Institute, 1430
Broadway, New York, NY 10018, or from the Institute of
Electrical and Electronics Engineers, Service Center, Pis-
cataway, NJ 08854-1331.
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[2] ANSI/IEEE Std 100-1984, IEEE Standard
Dictionary of Electrical and Electronics Terms.

{31 BALL, W. C., and POARCH, C. K. Tele-
phone Influence Factor (TIF) and Its Measure-
ment. AIEE Trans. Commun. Electron., vol 79,
Jan 1961, pp 659-664.

[4] The Telephone Influence Factor of Supply
Systems Voltages and Currents. Joint Subcom-
mittee on Development and Research, Edison
Electric Institute and Bell Telephone System,
Suppl Engineering Report 33, EEI Publication
60-68, New York, NY, Sep 1960.

2. Definition of Terms

Certain terms that are not widely known have
been found to be helpful in measurement and
discussion of voice-frequency noise induction in
communication circuits. They are as follows.

2.1 Inductive Influence (Electric Supply
Circuit With Its Associated Appara-
tus), Those characteristics that determine the
character and the intensity of the inductive field
that it produces [2].2

Inductive influence is a measure of the inter-
fering effect of the power system.

2.2 c-Message Weighting. A weighting de-
rived from listening tests to indicate the rela-
tive annoyance or speech impairment by an

% The numbers in brackets correspond to those of the ref-
erences listed in 1.2,
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Table 1 Table 2

c-Message Weighting (in dB) 1960 Single-Frequency TIF Weighting

f Py f Iy f Py f Wi f Wi f Wi

60 55.7 1260 04 2580 1.7 60 0.5 1260 6050 2580 10600
180 29.6 1380 0.7 2700 2.2 180 30 1380 6370 2700 10480
300 16.5 1500 1.0 2820 2.8 300 225 1600 6680 2820 10210
420 10.2 1620 1.3 2940 3.5 420 650 1620 6970 2940 9820
540 6.2 1740 1.5 3060 44 540 1320 1740 7320 3060 9230
660 3.3 1860 1.5 3180 5.2 660 2260 1860 7820 3180 8740
780 1.3 1980 1.5 3300 6.2 780 3360 1980 8330 3300 8090
900 0.3 2100 1.5 3540 84 900 4350 2100 8830 3540 6730
1000 0.0 2220 1.5 4020 14.7 1000 5000 2220 9330 4020 3700
1020 0.0 2340 1.6 4500 21.8 1020 5100 2340 9840 4500 1830
1140 0.1 2460 1.5 5000 29.5 10340 5000 840

1140 5630 2460

interfering signal of frequency f as heard
through a *“500-type” telephone set. The result,
called “c-message weighting,” is shown in Table
1[8], 4},

2.8 Telephone Influence Factor. The tele-
phone influence factor (TIF) of a voltage or cur-
rent wave in an electric supply circuit is the
ratio of the square root of the sum of the squares
of the weighted root-mean-square values of all
the sine-wave components (including, in alter-
nating-current waves, both fundamental and
harmonics) to the root-mean-square value
(unweighted) of the entire wave [2].

2.8.1 The TIF represents the relative inter-
fering effect of voltages and currents at the var-
ious harmonic frequencies that appear in power-
supply circuits. It is a dimensionless quantity
indicative of waveform and not of amplitude.

2.8.2 TIF takes into consideration the char-
acteristics of the telephone receiver and the ear
(all represented by c-message weighting) and the
assumption that the coupling between the elec-
tric supply circuit and the telephone circuit is
directly proportional to the interfering fre-
quency. TIF is also shown as T for convenience
and is expressed ag

0.6
T= (Z (X,vW,«)2> X, (Eq1)

where

X, = total effective or rms current (I) or volt-
age (kV)

X, = single-frequency effective current (I) or
voltage (kV) at frequency f, including
the fundamental

W, = single-frequency TIF weighting at fre-
quency [

.

2.3.3 The TIF contribution of power-circuit
voltage or current at frequency f may be
expressed as follows:

T, = (X; W)X, (Eq 2)

2.3.4 The 1960 TIF weighting characteristic
represents the relative interfering effect of a
voltage or current in a supply circuit at fre-
quency f. The weighting takes into account the
relative subjective effect of frequency fas heard
through a telephone set (that is, the e-message
weighting) and the coupling between the power
and telephone circuit, assumed to be directly
proportional to frequency. The 1960 TIF weight-
ing [4] is defined as

W} = 6P;+f (Eq 3)
where

5 = a constant

Py = antilog (—P};/20) (Eq4)

It is the voltage or current c-message weight-
ing equivalent of the power (dB) weighting of
Table 1.

f = frequency under consideration in Hz

The 1960 TIF weighting characteristic is
shown in Table 2.

2.4 I'T Product (As Applicable to the Elec-
trical Supply Circuit). The inductive influ-
ence usually expressed in terms of the product
of its root-mean-square magnitude in amperes
(I) times its telephone influence factor (TIF)
abbreviated as I' T product [2].

24.1 I,:T Product (As Applicable to
Transformers). The I- T product measured in
the secondary (low voltage) of a transformer

“ywdg-as ] vans7o2 oozassz l |
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ELECTRICAL-NOISE TESTS OF DISTRIBUTION TRANSFORMERS

when the primary (high voltage) is open-cir-
cuited. It is abbreviated as I,- T.

242 I,'T Product (As Applicable to
Transformers). The I- T product measured in
the primary of a transformer when the second-
ary is open-circuited. It is abbreviated as I,,* T.

2.5 kKV-T Product (As Applicable to Induc-
tive Coordination). The inductive influence
usually expressed in terms of the product of its
root-mean-square magnitude in kilovolts (kV)
times its telephone influence factor (TIF), abbre-
viated as kV- T product [2].

3. Purpose of Tests

3.1 The purpose of these tests is to measure the
harmonic currents flowing during the excita-
tion of individual transformers. The correspond-
ing 1960 TIF weightings and root-sum-square
calculations are applied to give the I, T'or I, T
values. The I;*T or I,-T values are then nor-
malized by dividing them by the kVA rating of
the transformer. These figures are considered to
be a measure of noise-producing influence of the
transformer.

3.2 The kV - T product is measured at the ener-
gized terminals of the transformer under test.
The kV - T product is a measure of the quality of
the power-supply. The kV-T levels must be
within stated bounds to minimize testing errors.

3.3 The harmonic distortion produced by trans-
formers originates in the nonlinear magnetic
characteristics of the core material. For typical
sinusoidal excitation voltages the excitation
current peaks produce magnetic flux that
approaches the saturation of the core. Satura-
tion effects lower the effective impedance of the
winding increasing the peak currents beyond
those of a sinusoidal one. The excess peak cur-
rents increase as the applied excitation voltage
increases and the harmonics it contains can be
appreciable,

The harmonic currents flow in the power dis-
tribution circuits feeding the transformer. These
lines frequently run parallel to communication
circuits and. are loosely coupled to them mag-
netically. Because of the length of this coupling
the harmonic currents can induce significant
noise voltages at voice frequencies into the com-

HbA-488

ANSIIEEE
Std 469-1988

munication lines. These in turn may produce
noise currents.

Where the supply voltage remains constant,
the generation of harmonic currents by the
transformer is almost independent of the load
on the secondary of the transformer. Because of
this fact transformers can be tested for har-
monic generation with open secondary circuits.
Usually they are evaluated using 110% of nor-
mal excitation voltage. This ensures satisfac-
tory control of harmonics up to this level,

Distribution transformers can be excited from
either their high-voltage or low-voltage wind-
ing. As long as the harmonic measurements are
expressed as the ratio of a specific harmonic cur-
rent level to that of the actual excitation cur-
rent level, results using either winding will be
the same.

The measurement of harmonic generation
requires a 60 Hz voltage source essentially free
of harmonics. Low-voltage regulated ac sources
are generally less expensive and require fewer
safe guards than higher voltage sources.
Because of this constraint the measurement of
transformer harmonics is generally carried out
by exciting the low-voltage winding and
expressing the results in terms of a ratio with
the effective excitation current.

This recommended practice uses the root sum

_ square of all the weighted harmonics divided by

the effective excitation current to get a term
called “telephone influence factor,” or ‘“TIF.”
The actual noise influence level is obtained by
multiplying the TIF by the transformer pri-
mary excitation current. This product is called
“I-T” or “I- T product.”

It also gives design specifications for equip-
ment that can directly measure the two compo-
nents of the ratio TIF and shows how to
calculate TIF using specific harmonic measure-
ments.

4, Test Facilities

A recommended test configuration for assess-
ing the I T' of distribution transformers is given'
in Fig 1. The kV - T product is also measured by
this circuit to ensure that the ac supply har-
monic level does not influence the results.

The circuit consists of a special ac supply with
low harmonic content, the transformer under
test (driven from a secondary winding with all
others open), and the measurement instrumen-
tation. :

COPYRIGHT 1999 Institute of Electrical and Electronics Engineers, Inc.
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AC > o Tralr}s?rmer
=y naer
sweb | B [or] Tost
i +
[e0
NMS
or
HA
CT = current transformer
VT = voltage transfomer

CC = current coupler

VC = voltage coupler
NMS = noise measuring set
HA = harmonic analyzer

Fig 1
Typical Test Configuration

4.1 Power Source

4.1.1 An ac power supply is required that has
adequate capacity to drive the transformer. Its
output must be variable to allow for operation
at 110% of rated transformer voltage.

4,1.2 The power supply shall be regulated so
as to condition the output. The ac output regu-
lation under load variation shall be 0.08% or
better, The output distortion shall be 0.2% or
less.

4.1.3 It is recommended that a variable volt-
age transformer be used as a buffer between the
ac supply and the rest of the test circuit to limit
surge currents, Under test procedures the
applied ac can be raised slowly from 0 V to the
test value. For measurements, the variable voli-
age transformer input and output voltages shall
be identical.

4.2 Instrumentation

4.2.1 The currents and voltages to be mea-
sured are decoupled from the excitation circuit
by means of a current transformer (CT) and a
voltage transformer (VT). The recommended
ratio of the current transformer is 50:5. It
should be capable of reading to 1/100 of an amp.
The ratio of the voltage transformer will depend
on the transformer under test. Both frans-
formers should conform to ANSI/IEEE C57.13-
1978 [11.

10
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4,2,2 The current-coupler in conjunction with
the current transformer introduces the fre-
quency dependent factor “f” of Eq 3 required
for the TIF weighting.

The recommended current-coupler circuit is
given in Fig 2.

When a harmonic analyzer is used, the fre-
quency dependence can be incorporated as part
of the calculation (TIF weighting curve). In this
case the current coupler L should be replaced by
a shunt resistance of approximately 0.20 Q.

4.2.3 The voltage-coupler introduces the fre-
quency dependent “*f’* for the voltage TIF and
is given by Fig 3.

4,24 Metering

424.1 An rms-reading voltmeter is re-
quired to measure X, for the voltage TIF case.

42,42 An rms-reading ammeter is re-
quired to measure X, for the current TIF case.

42,43 A noise measuring set (NMS) or a
harmonic analyzer (HA) is required.

Typical NMS Specifications:

Input impedance (balanced) 600 ©
Detector rms or quasi rms
Weighting flat or c-message
Scale dB
Reference (0 dBrn) 107 W at 1000 Hz
Range 0-95 dB

Typical HA Specifications:

Input impedance (balanced) 600 Q
Frequency range 50 Hz to 5 kHz
Selectivity at —60 dBm +50 Hz (max)
Reference (0 dBrn) 10712 W
Range 0-95 dB

4,3 Transformer Under Test. The excitation
voltage should be connected to a secondary (low-
voltage) winding. All other windings should be
left open-circuited. All primary (high-voltage)
bushings should be insulated.

CAUTION: The primary winding is energized to full poten-
tial during fest. Suitable protective measures such as bar-
riers or insulating blankets and bushing covers should be
employed. Grounding of the apparatus should be on the
source side of the current coupler or current transformer to
avoid error. The transformer tank should be left
ungrounded.

4.4 Circuit Evaluation. Tests must be made
to establish that the variable voltage trans-
former, current transformer, voltage trans-
former, and the current couplers do not affect

l 4805702 0032384 b l
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F

A

In L Out
F
R = 600 Q (including resistance of fuses) '
L = 0.4 mH, =0.20 Q resistive
F=1/8A
Fig 2
Current-Coupler Circuit
F Cc
. N\, [
I ”
In R Out
F
R = 600Q
C = 0.01 uFds
F=18A
Fig 3

Voltage-Coupler Circuit

the waveform under observation. This test
should be performed as follows. The test system
is configured without the variable voltage
transformer, CT and VT. The removal of the
variable voltage transformer should be toler-
ated for this one test. Connect a resistive volt-
age divider across the transformer terminals
with its division ratio chosen so as to produce a
level suitable for a harmonic analyzer. Connect
the analyzer and determine the kV-T as out-
lined in 7.8. The voltage TIF should not exceed
5. If this value is not met, it usually means that
a higher capacity supply is required. (The value
may not be met when very poor transformers are
under test.) Reconfigure the circuit as given in
Fig 1 leaving the voltage divider and harmonic
analyzer connected. Again determine the volt-
age TIF. It must still be below 5. Use the NMS
via the VT and voltage coupler and again deter-
mine that the voltage TIF is <5, as ouflined in
7.1,

5. Measurements

5.1 Connect the source supply, the transformer

COPYRIGHT 1999 Institute of Electrical and Electronics Engineers,
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under test, and the measuring equipment as
indicated in Section 4, Fig 1.

5.2 Energize the transformer at rated voltage.

5.3 Set the appropriate weighting available in
the equipment used.

5.4 Where an NMS is used, measure and record
the I- T product.

5.5 Where an HA is used, measure and record
I-T values for each harmonic frequency.

6. Calculation of I' T Results

6.1 Figure 4 shows the equivalent I+T mea-
surement circuit where the component values
for the CT were obtained from the typical data
curves of ANSI/IEEE C57.13-1978 [1]. For fre-
quencies above about 250 Hz, the load imped-
ance is given by

w=2xrf

Z;=4.010"%0w (Eq 5)

~ T
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0.25 +j0.029 ® 600 .
o  ——— o
] | — ®
= t
Clg
I -
f ~ ) 0.0030l Ve
<> f t 0.20 + j4*10~* o 600 GD
o $ o
[ | | | | |
50:5 CT cc NMS or HA
Fig 4

Equivalent I+ 7' Measuring Circuit

The term K; = 20.2 dB in this equation is the

The voltage across Z,is V;and is given approx-
scale factor for the measurement.’

imately by

Vi~ 0.103:Z; -1 (Eq 6) 6.3 When an HA is used with the same coupler,

The factor 0.103 is the current ratio of the CT
and will be ¢alled C', The equivalent power ratio
(jlis

C; = 20 log (1/C") = 19.7 dB EqD
6.2 A noise measuring set with effective
c-message filter and adjusted to 10712 W refer-
ence at 1000 Hz has a dB reading N, in terms of
the harmonic voltages V across its 600 © input
given by

102 2 (Vy - Py?
600

The I T product for this same case expressed in
dB is given by

N; = 10 log [ ] dBrne (Eq 8)

0.5
20 log (I T) = 20 log [5 <E " f-Pf)2> }
4
= 20 log |:9.75C>: 10
23 (‘0_,1102 0.5
o) |

-2
= 20 log [—————9'75 == ] + N,

==.Dh - IZi + (71
=N; - 05

(Eq 9)

and the filter-analyzer combination is adjusted
to have a reference of 1012 W at 1000 Hz, then
the noise measurement at frequency fis given
by

10" (V- Pp)?

600 ] dBrn

The I- T product in this case is

N; = 10 log [ (Eq 10)

B} ' N
20 log (I T) = 10 log | 2. antilog T

—'1{1 + CH

_ A
= 10 log | X antilog <1—6’) - 05

(Eq 11)

6.4 When the HA does not include a ¢c-message
weighting the measurements are called Ny. The
weighting P; is obtained from Table 1 and the
following equation is used:

N — P!
20 log (I*#) = 10 log [Z antilog( f f)]

10
N; — P;
= 10 log [Z antilog <f—10-—f>]
- 05 (Eq 12)
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300 |V

Fig 5
Equivalent V-1 Measuring Circuit

6.5 When measurements are to be made on
transformers where harmonics below the 5th
form the dominant part of the I T" product, the
frequency-dependent coupler may not be suffi-
ciently accurate. In these cases a coupler with a
flat frequency response should be used, “with-
out a c-message filter.” The frequency depen-
dence should be introduced by calculation. The

measured noise in this case will be Nf. For a

shunt coupling resistance of 0.20 Q the follow-
ing may be used:

20 log (%)
0.5
= 20 log [(Z I - ;)2> ]
122.56 x 107¢
= 20 log [T
(5 VWD °-5]
600
i N} + 20 log W
= 10 log | 22 antilog ! %8 Ui ]
| 10
- K+ C
I N} + 20 log W
= 10 log | 2. antilog f %8 7t ]
| 10
— 58.5 (Eq 13)
K'=1782dB

W} = has the values given in Table 2

7. Calculation of kV: T Results

7.1 Figure 5 shows the equivalent voltage cou-
pler kV- T circuit including a VC and NMS or
HA where the PT has a 1:1 ratio.

The voltage V; at the input to the NMS or HA
is given in terms of the source voltage V;as
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V= V; -300-0.01-107%-27f
The log of the kV - ¢ product is

(Eq 14)

20 log &V +#) = 10 log <Z (V; -Wf)2> ~ 60

= 10 log <2 (V- f-5.Pf)2>

— 60
= 10 log <Z <—Vf—_16)f>2>
6-107°-x
— 46

= 10 log (Z (V¢ ~Pf)2> + 48.5

= N, — 43.7dB (Eq 15)

-where N, is the c-message noise measurement

of the NMS in dBrnc. Where the source voltage
is 120 V the value of T is given by

T = (antilog (N, — 43.7)/20))/0.12 (Eq 16)

Where the source is 132 V divide by 0.132
instead of 0.12.

7.2 When the source generator may exceed the
input voltage rating of the NMS or HA then a
VT transformer with a ratio other than 1:1
must be used. When the ratio is less than one,
the equivalent expression for the kV - T product
is

20 log (V) = N, — 43.7 — 20 log (ratio)
(Eq 17)

7.3 When calibrating the test circuit an HA
should be connected via a voltage divider
directly to the source generator. In this case the
individual noise readings must be weighted

"
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using Table 2 and summed as follows:

: N, ~ P
20 log (kV+#) = 10 log [2 antilog < f m f)]

+ 20 log (ratio) — 60
(Eq 18)

8. Examples

A 15 kVA transformer with a voltage ratio of
60:1 is to be tested. The circuit is already cali-
brated, but the voltage TIF should be checked.
At 132 V excitation the noise measuring set
connected to the voltage coupler indicates a
level of 85.7 dBrne. The VT ratio is 1:1, hence:

20 log (kV:T) = 85.7 — 43.7

kV-T = 0.398
T = 0.398/0.132
= 3.0

This meets the criteria given in 4.4 so mea-
surements may proceed. With excitation of 120
V the NMS with current coupler and c-message
filter gives 48.6 dBrnc. Using Eq 9:

20 log (I' T) = 48.6 — 20.2 + 19.7

= 43.1 dB
I'T = 1429
I'T/kVA = 9.53

The measured value of X, is 1,15 A, This gives
T = 124.2, '

When the excitation is increased to 132 V the
NMS reads 60.9 dBrne.

20 log (I T) = 60.9 — 20.2 + 19.7
= 60.4 dB

I T = 1047
I-T/kVA = 69.8

The measured values of X, is 3.80 A. This
gives T' = 275.5.

9, Limit Criteria

9.1 The scope of this standard does not include
the setting of limits or objectives for distribu-
tion transformers. However, some discussion of
limit criteria may be useful.

Ideally, transformer harmonic limits should
reflect both the noise requirements of commu-

14
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nication systems and transformer manufactur-
ing constraints. Existing limits, however, have
been based exclusively on measurements of
transformer I'T expressed as I-T/kVA. The
choice of limits presumably reflected a reason-
able manufacturing yield. Communication sys-
tem noise objectives have not been directly
applied. Because of this approach transformer
harmonic control is, at best, a process of main-
taining the current noise levels.

9.2 Transformer operating excitation currents
(primary) can be designed to meet any user
requirements, but because of their small ampli-
tudes with respect to the rated current they
could be considered roughly proportional to the
kVA rating for small transformers, As a result,
the term I, T/kVA is nearly constant and there-
fore may serve as a useful base for setting har-
monic limits.

9.3 The noise-to-ground produced by induction
in a communication line is directly proportional
to the harmonic earth return current of the
power line, For a single transformer load, this
earth return current will be proportional to the
primary excitation current.

9.4 Both 9.2 and 9.8 imply that I,* T/kVA would
be the best term to use as the basis for limits,
However this standard measures I,-T. An
approximate conversion factor between the two
is the voltage ratio primary to secondary
(E,/E,).

I;T =1, TE,/E, (Eq19)
9.5 Consider the case where limits for I, T/kVA
have been derived from measurements of small
transformers where E,/E, equals 60. Reason-
able limits under these conditions are® 100% of
operating 22, 110% of operating 66. Using Eq
19, an equivalent value is

Ip = T/kVAlOO% = 0.37
Ip = T/kVA]_lo% = 1.10 (Eq 20)

These values are independent of kVA rating and
of transformer voltage ratio. They can therefore
be used to derive limits for other voltage ratios.
Table 3 gives this projected set.

3 Limits supplied by REA, Washington,

e o T
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Although differing turn ratios will change the
I, T/kVA for a given I, T/kVA, there are other
application considerations that may make it
desirable to maintain constant 7, 7/kV A limits.

9.6 The general exposure of communication
lines to power lines will involve harmonic cur-
rents from many distribution transformers.
Where these transformers have a distribution of
test I,» T/kV A values, then the resultant noise
will be due to their average I, T. For typical
tests, the spread in I, T' is quite large so that
the average is low.

From the standpoint of limiting noise a con-
trol on the batch average of I, T/kVA should be
considered.

9.7 A group of 9 transformers of mixed kVA and
voltage ratio were tested with the results given
by Table 4.4

Note that the “worst case” results exceed the
suggested I, T limits of 9.5, but that the mean
(batch average) falls below the suggested limit.

9.8 The calculation of absolute noise levels on
communication lines due to a specified I,* T/kVA
requires knowledge of harmonic phasing on

4 Data supplied by REA and T. Thompson of Ontario
Hydro. ’
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Table 3
Reasonable Limits

I-T/kVA Limits
for Indicated Voltage Ratios

60 120
100% 110% 100% 110%
22 66 44 132
Table 4
Typical Statistics of I,» T/kVA
L, TIkVA
Operating Mean Std. Dev. Worst Case
100% 0.36 0.097 0.47
110% 1.09 0.396 1.83

transmission lines. As this is not fully resolved
only relative analysis can be made. In general
halving the I,- T/kV A level will reduce the noise
by 6 dB.

9.9 When transformers are dual voltage (pri-
mary), then harmonic rating should be specified
for both voltage ratios as operating at the lower
ratio produces 6 dB more noise.
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